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BACKGROUND OF THE INVENTION 

FIELD OP THE INVENTION 

The present invention relates to a printing apparatus 
and a printing data producing method, and specifically, 
to a printing apparatus performing printing in which 
gradation levels of a print image is expressed by a 
combination of different size of printed dots and 
production of printing data used in such printing 
apparatus . 

DESCRIPTION OF THE RELATED ART 

As a representative of such printing apparatus, an 
ink jet px-inting apparatus that prints an image by applying 
inks of same color and of a plurality of different ejection 
amounts, is Icnown. Printing data used in this ink jet 
printing apparatus is obtained through a conversion of 
image data which expresses gradations in a form of 
multi-level (for example, 0-255 by 8 bits) into final 
ejection data in a form of binary level, for each pixel. 
For example, the image data is, based on a value shown 



thereby, converted into pattern data of plural t>±ts which 
expresses the gradation o£ one of several levels and 
further index patterns, which express predetermined dot 
arrangements for respective levels expressed by the 
pattern data, are used to obtain the binary ejection data 
for f oiming dots of the arrangement . Thus , the gradation 
and maximum density of a printed image can be set by 
determining the index patterns appropriately. 

For example, in a configuration that the image data 
of 256 gradation levels 0-255 is converted into the pattern 
data of 4 bits (expressed as OOOO-OlOl of 4 bits) which 
expresses one of 9 values (levels 0-8), and the converted 
pattern data is converted into the binary data by using 
the index pattern corresponding to the converted pattern 
data, the index patterns are set so that large and small 
dots are arranged correspondingly to respective the 9 
levels. Thus, the image data of mult i -value can be 
converted into the ejection data (binary data) for each 
nozzle of a printing head, which corresponds to large or 
small size of an Ink droplet ejected from the printing head. 

The index pattern is one of factors that determine 
characteristics of a printed image , such as gradation . In 
general, since a highlight portion of the printed image 
appears to be more granular when a relatively large amount 
of ink. is used in this portion, the index patterns are such 
that for example, smaller dots are arranged up to one of 
the nine levels which corresponds to an intermediate 



grada-txon range au«a lajrgGir dots stairt: to be arranged, at 
the next higlieir level corresponding to the next larger 
gradation value. 

However, the Index patterns are such that the 
arrangements of larger and smaller dots are uniformly 
det;ermxned therebetween correspondingly to pattern data 
and. the larger and smaller dots are unifoimly assigned to 
each level over the range of gradation values that can i>& 
expressed by image d.ata. Accordingly, it is lUtely that 
only smaller dots are arranged at levels with smaller 
gradation values , 

As a result, in a highlight portion of the image or 
an intermediate gradation portion with a higher density 
than that of the highlight portion, which portions are 
expressed by levels with only such smaller dots arranged 
thereat, the following problems may occur, since a 
relatively small amount of ink (small droplet) forming 
small dots has relatively low kinetic energy induced by 
ejection, vibration of a mechanical portion associated 
with a printing operation or an air stream occurring when 
the printing head moves may cause an ejecting state of the 
small droplet to be disturbed (that is, biased), thereby 
causing deviation of positions of dots formed. Then, this 
deviation is recognized as a decrease in quality of the 
printed image. In particular, since the intermedliate 
gradation portion has a higher dot density than the 
highlignt portion, in the former portion, stripes (bands) 



or ttie like due to the deviation of the formed dot become 
moi-e noticeable. 

SUMMARY OP THE INVENTION 

Tbe object of the present invention is to provide a 
printing apparatus and a printing data producing method 
which can areduce a degradation in quality of an image 
printed by forming dots of a plurality of sizes . especially 
in quality of a highlight or intermediate portion thereof . 

In a first aspect of the present invention, there is 
provided a printing apparatus which uses a printing head 
provided with printing elements different in a size of dot 
formed by the printing elements to perform printing on a 
printing medium, the apparatus comprising: 

data producing means for producing printing data 
corresponding to each of the printing elements of the 
printing head, different in the size of dot formed, under 
a predetermined condition; and 

conversion means for converting the printing data 
produced by the data producing means into dot data for 
forming and disposing a dot in a pixel, the conversion means 
executing the conversion independently for and 
correspondingly to each of the different sizes of dots. 

Here, the predetermined condition for producing the 
printing data may be a condition that a change in density 
of an image, which is printed with dots formed based on 



the printing data corresponding to each, of the printing 
elements different in the size of dot formed, is linear. 

In a second aspect of the present invention, there 
is provided a method of producing printing data used in 
a printing apparatus which uses a printing head provided 
with printing elements different in a size of dot formed 
by the printing elements to perform printing on a printing 
medium, the method comprising the steps of: 

producing printing data corresponding to each o£ the 
printing elements of the printing head, different in the 
size of dot formed, under a predetermined condition; and 

converting the printing data produced by the data 
producing step into dot data for forming and disposing a 
dot in a pixel, the converting step executing the 
conversion independently for and correspondingly to each 
of the different sizes of dots. 

Here, the predetermined condition for producing the 
printing data may be a condition that a change in density 
of an image, which is printed with dots foxroed based on 
the printing data corresponding to each of the printing 
elements different in the size of dot formed, is linear. 

According to the above configuration, printing data 
corresponding to a plurality of printing elements of a 
printing head, which form different size of dots, is 
produced under a predetermined condition such that an 
overall change in gradation realized with dots formed by 
these printing elements is made linear, and therefor, when 



the produced p3r±nt±ng data is convearted into dot data f oi- 
foxming the different size of dots to be arranged in one 
pixel, the conversion process can be done for each of the 
plurality of the different size of dots^ without 
considering the predetermined condition. Conseqiiently, 
the conversion process cart be arbitrarily set for each size 
of dot under the predetermined condition. 

Further, larger dots can be arranged at densities 
equal to or lower than an intermediate value in the range 
of density values that is expressed by dot formation, 
thereby enabling larger and smaller dots to be mixed at 
these densities. 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fig. 1 is a view showing an example of a printing head 
used in an ink jet printing apparatus according to an 
embodiment of the present invention; 

Fig. 2 is a view showing another example of the 
printing head used in tlie ink jet printing apparatus 
according to the embodiment of the present invention; 

Fig. 3 is a view showing further another example of 



-the pacxnting heacL used ±n the inlc jet printing apparatus 
accoirding to the emhodiment of the present invention; 

Figs. 4A to 4E are views schematically showing index 
patterns used for a conventional printing data producing 
process ; 

Figs. 5A to 5D are views similarly to Figs. 4A to 4E 
and schematically showing index patterns used for the 
conventional print data producing process; 

Fig. 6 is a graph showing a relationship between 
printing data and an ink landed rate in the case where the 
above index patterns are used; 

Fig. 7 is a flow chart showing a printing data 
producing process according to the embodiment of the 
present invention; 

Fig. 8 is a view schematically showing a look up table 
used for a color transformation process in the printing 
data producing process; 

Fig. 9 is a view useful in describing a process of 
storing data obtained through the above data producing 
process, in a buffer; 

Figs. lOA and lOB are graphs showing a relationship 
between an input level and a landed amount of ink in the 
case where printing data for causing different amounts of 
ink of the same color to be ejected are independently formed 
correspondingly to the size of droplets; and 

Fig. 11 is a perspective view showing a general 
structure of an ink jet printing apparatus according to 



one eatibodlment of the pr-esent invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embo<liments of the present invention will l)e described 
below in detail witH reference to tbe drawings. 

Figs . 1 to 3 are schematic views showing three examples 
of an arrangement of ejection openings of a printing head 
which can be used in an ink. jet printing apparatus according 
to an embodiment of the present invention. As shown in 
these figures, nozzles (ejection openings) from which 
different amounts of ink. of predetermined color within inks 
of cyan (C) , magenta (M) , and yellow (Y) are ejected are 
provided in the same head chip or different head chips. 
Further, nozzles for black (K) ink are not constructed so 
as to eject different amounts of ink as in the case with 
the other colors, and the saime amount of ink is ejected 
from all the nozzles for the ink K. Each nozzle of head 
chips is provided with an ejection heater { electro -thearmal 
conversion element) therein for causing a bubble by means 
of thermal energy generated by the ejection heater so as 
to eject inJc by means of pressure of the bubble. Then, 
an amount of ejected ink can be differentiated by providing 
the relatively large ejection heater for the nozzle 
ejecting the large amount of ink and the relatively small 
ejection heater for the nozzle ejecting the small amount 
of ink. It should be noted that as a structure for 



dlf f er-entiating th.e amount of ejected ink any known 
structure may be used. 

In tlie example shown in Fig. 1, for each of the C, 
M, and Y color inks, two head chips are provided and each 
5 comprise nozzles from wliich different amounts of infc are 
ejected. Specifically, the nozzles from which different 
amounts of ink of each color are ejected (in the figure, 
a larger circle means the nozzle ejecting relatively large 
ink droplet, whereas a smaller circle means the nozzle 

10 ejecting relatively small ink droplet. This is applicable 
to Figs , 2 and 3 ) are alternately arranged in each of nozzle 
rows. The head chip for the black K ink comprises only 
nozzles from which relatively large ink droplets are 
ejected. This is to print the black at a high density. 

15 The head chips for each ink color each have different 
nozzles arranged therein and from which different amounts 
of ink are ejected, but these nozzles share a single heater 
board portion for each ink color. 

In the example shown in Fig. 2. for each of the C, 

20 M, and Y color inks, two head chips are provided each of 
which has only nozzles from which the larger or smaller 
ink droplet is ejected. The two heads from which ink 
droplet of the same color and the same size (amount) is 
ejected have respective arrangements of nozzles which are 

25 offset from each other in a direction perpendicular to a 
scanning direction of the two heads . Thus , different 
lines can be printed using the same scan operation. 



Fuxttier, the illustarated head cliips for each, color- 
±nlc are bonded to each other to form an Integral printing 
head. 

The example in Fig. 3 has nozzles and head 
5 configurations similar to those shown in Pig. 2 except that 
the yellow heads have only nozzles from which relatively 
large droplet is ejected. This is because yellow is 
visually unnoticeable and thus there may be few case that 
requires smaller dots to be formed. 

10 This embodiment uses one of the above-stated printing 

heads each having nozzles from which larger or smaller ink 
droplets of a predetermined color are ejected, and produce 
printing data for the respective nozzles as described later 
in Figs. 7 to 10. 

15 Figs. 4A to 4E and Figs. 5A to 5D are views 

schematically showing index patterns of 9 levels of the 
above -de scribed prior art. As described before, image 
data of 8 bit multi-values is divided into data of 9 levels 
by using predetermined threshold values to be converted 

20 to pattern data of 4 bits corresponding to each level of 
the 9 levels. More specifically, 8 bits of image data is 
made correspond to the pattern data of 4 bits by using the 
threshold values, which are obtained, for example, so as 
to divide gradation values 0-255 of the image data into 

25 eight equal parts. Then, the pattern data of 4 bits 

specifies one of index patterns of levels 0-8 . Among these 
index patterns, the index pattern of level 0 is a pattern 



in which no dot is axranged. (a field, of white) ana the index 
pattern of level 8 is a pattern having dots disposed on 
all dot positions to show the highest density . 

Fux-theor, Fig. 6 is a view showing a relationship 
hetween an input level indicated by signals R ' , G' , and 
B' and a landed rate of ink (a rate at which a pixel is 
covered with dots formed by landed ink) , in a case of using 
a dot pattern obtained based on the index patterns shown 
in Figs. 4 and 5. 

As shown in Figs. 4 and 5, with the index patterns, 
the pixel is formed only of smaller dots up to level 4, 
that is, up to an R'G'B' level of 128 shown in Fig. 6, so 
that the landed rate substantially linearly changes from 
0 to 50% to realize smooth gradation. However, even if 
the landed rate is made thus linearly change, as described 
before, since the index patterns are such that larger and 
smaller dots are uniformly arranged between these 
different size dots correspondingly to the pattern data 
and are uniformly assigned at each level over the range 
of gradation values that can be expressed by image data, 
only smaller dots are formed up to an input level of 128. 
As a result of this, the problems such as the appearance 
of noticeable stripes in the intermediate gradation 
portion occur, as described before. 

On the other hand, it may be considered that contents 
of the index patterns are adjusted to also dispose larger 
dots at the intermediate level. However, supposing that 
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the larger dots axe made disposed at the level at which 
normally the larger dots are not disposed, since that level 
corresponds to a relatively iow gradation range in a form 
of the image data as described previously, the larger dots 
are made disposed at a range from the highlight portion 
to the intermediate gradation, for example. In this case, 
if the ejection data is produced by using the index pattern 
disposing larger dots only, without considering gradation 
characteristics, a problem that the highlight portion 
appears to be more granular may occiir. Further, if 
chemging the threshold values, which determine a 
correspondence between the image data and each level of 
the index patterns, in order to dispose the larger dots 
at the intermediate range ^ discontinuance of print density 
may occur at changes of the index pattern and the smooth 
gradation can not be realized. 

In this embodiment, the arrangements of dots can be 
relatively easily changed with keeping the smooth 
gradation, by using the following configuration: 

Fig. 7 is a flow chart showing a printing data 
producing procedure according to this embodiment . It 
Should be noted that a host apparatus may execute the 
printing data producing procedure to obtain binary data 
(ejection data) and transfer this data to the printing 
apparatus . 

When a host computer executes a process for a color 
image and then transfers the image data as a result of the 
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processing to tliis apparatus, a process of inputting 
signals R, G, and B is executed at step S71 . Then, at step 
S72, th.ese signals ajre subjected to a color correction 
pz-ocess to obtain signals R' , G', and B' of 8 bits. 
5 Furthennoire , at step S73, a color tx-ansf ormation 

process is executed* More specifically, the image data 
R' G' B' , which is image data of a color space formed by 
RGB, is converted into image data of a color space formed 
by CMYK, which Is suitable for ink colors used in the 
10 printing apparatus of this embodiment. This process is 
executed with reference to a LUT (Look Up Table) having 
C , M y Y and K values already stored therein correspondingly 
O to the R' , G' and B' input signals. 

o 

Fig. 8 is a view schematically showing contents of 
; 15 the LUT. As shown in this figure, the LUT of this 

embodiment outputs, for each the colors C, M and Y, data 
SC, SM and SY corresponding to smaller ink droplets as well 
as data C, M and Y corresponding to larger ink droplets, 
''^^ as transfoarmed data. Specifically, data K, C, M, SC, SM 

- 20 and SY stored, as describe later for Fig. lOA, 

correspondingly to combinations of values of the data R' , 
G ' and B ' are output . 

Then, at step S74, a conversion to n-value process 
is executed on the image data K, C, M, SC, SM and SY of 
25 8 bits obtained by the color transf oirmation process. In 
this embodiment, the conversion to n-value process is 
executed for each color image data to obtain 5-value data. 
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Tilis conversion to 5-^ value process provides data of 4 bits 
(0000-0100) and then binary data for ink ejection can be 
obtained based on index patterns corresponding to these 
5 values. That is, as desci-ibed in detail in Fig. 9, 
ejection data for each nozzle can be obta^Lned which causes 
larger and smaller ink droplets of each color ink to be 
ejected to form el 2 ^ 2 dot pattern, for each pixel. The 
data thus obtained is mapped in a print buffer at step S75. 
Further, a method of obtaining the binary data for ejection 
from the image data K, C, M, SC. SM and SY of 8 bits is 
not limited to the above method using the index pattern. 
Any known methods of obtaining the binary data from 8 bits 
data may be used, as far as these methods are executed 
independently for each of the larger and smaller ink 
droplets . 

Fig. 9 is a view mainly showing a configuration of 
the print buffer of this printing apparatus. 

A print driver 211 , shown in this figure, is a software 
for producing the image data in a host apparatus and for 
transferring the produced data to this printing apparatus. 

A controller 200 of the printing apparatus of this 
embodiment causes a distribution circuit 207 to write data 
K, C, M, Y, SC, SM and SY for each pixel, obtained through 
steps S71 to S74, to corresponding print buffers 205 as 
2-bit data for each color (step S75). 

More specifically, for example, upon writing, for data 
of the cyan C, 2-bit data to one pixel of 360 dpi, in this 
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emlDodxment, a total of 4 b±ts are wrxtten to tlie 
cox-responding print buffers, that is, respective 2 bits 
are written to respective buffers CI and C2 corresponding 
to nozzles CI and C2, respectively, of larger ink droplets. 
By this distribution process, for each of two nozzles CI 
and C2 for ejecting the larger ink droplets, 0-2 inlc 
droplets of ejection, is set for one pixel and then total 
0-4 larger ink droplets of ejection can be set . Similarly, 
for the data SC corresponding to smaller cyan ink droplets, 
a total of 4 bits are written to the print buffers, that 
is, 2 bits are written to each of the buffers SCI and SC2 
for nozzles SCI and SC2 for smaller ink droplets to set 
0-4 smaller ink droplets of ejection. As the arrangement 
of the nozzles for ejecting the larger and smaller ink 
droplets, any of the arrangements shown in Figs. 1 to 3 
can be used. Then, by using two nozzles apart from each 
other at one nozzle pitch in the arrangements, for printing 
each pixel, the 2x2 dot pattern disposing larger and 
smaller dots can be formed during a single scan operation. 
On the basis of the thus produced data, a head driver 240 
drives each head to eject the corresponding ink. 

More specifically, when the nozzles of the head reach 
a pixel position at which the inks is to be ejected from 
the nozzles, the data on the corresponding buffers is 
loaded into registers in the head to execute an ejection 
operation of the corresponding inks. Thereby, the 
respective dot arrangements for the larger and smaller ink 



droplets can be realized Independently, for exaxnple, as 
stiovm in Figs. 4A to 4E. 

Figs . IDA and lOB stiow a relationship between an input 
level and a landed amotmt of ink in the case where the 
5 printing data causes different amounts of ink: of the same 
color to be ejected are independently f oiroed for each size 
of droplets. 

Specifically, Fig. lOA is a view for explaining the 
transformation by the table shown in Fig. 8 by way of an 

10 example, which shows converted outputs for the colors C 
and SC among the outputs which correspond to inputs for 
the colors indicated by points on the CYAN-WHITE axis in 
the table. Fig. lOB is a view showing the ink landed rate 
finally obtained correspondingly to the values of the 

15 inputs . 

As shown in fig. lOA, setting of the table is such 
that the data C corresponding to the larger ink droplet 
is made present at the intermediate gradation value of 128 
or larger (a left side of the center of the figure; for 

20 density gradation, 128 or less) , and a total by adding the 
data C and the data SC corresponding to the smaller ink 
droplet is set to show linear gradation change as shown 
in Fig. lOB. These contents of the table can be set by 
previously executing a simulation or an experimentation 

25 of printing. Thus, the larger ink droplets can be used 
in the intermediate gradation area, thereby enabling an 
image to be printed by mixing the larger and smaller ink 
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di-oplets together In ttiis area. As a result, even if an 
ejection patli of the smaller inJc droplets aore deviated, 
the larger inlc droplets having higher kinetic energy stably 
lands on a printing sheet , thereby making it difficult to 
5 perceive possible stripes. 

Further, the thus obtained respective printing data 
of 8 bits for the larger and the smaller ink droplets is, 
as described before, made to be printing data of 4 bits 
corresponding to two respective nozzles, for each pixel 

10 by means of the conversion to 5 -value process. An 

arrangement pattern of the larger and smaller ink dots 
(contents of the index pattern in this embodiment) 
determined by this converted data of 4 bits can be adjusted 
independently for the respective larger and smaller dots. 

15 Specifically, as described above, the color 

transformation table (LUT) shown in Fig» lOA is determined 
under a restriction condition that the total relationship 
shown in Fig, lOB is linear. Accordingly, any of the 
arrangement patterns satisfying values of data K, C, M, 

20 Y, SC, SM, and SY obtained thorough the color 

transformation table can arbitrarily have sizes of dots 
and positions thereof. In other words, the conversion to 
n- value process in step S74 shown in Fig. 7, can be executed 
independently for the larger ink droplets and the smaller 

25 ink droplets, to independently determine the dot 
arrangement. As a result, the dot arrangement 
corresponding to each gradation level of the image data 
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can be easily adjusted and printing applying tlie larger 
ink. droplets at the density gradation of tlie inter mediate 
or less. 

Fiirthexmore, even if, in a design, a relative balance 
5 between tlae amounts of ink. droplets cbanges, tbis can be 
easily dealt witb simply by changing the contents of the 
look up table for the color conversion process or of the 
n-value conversion process. 

Fig. 11 is a perspective view showing a generic 
10 structure of the ink jet printing apparatus of the 

embodiment described above. A printing apparatus 50 of 
the embodiment is of a serial method and a carriage 53 is 
guided by tbe guide shafts 51 and 52 to move in a main 
I scanning direction shown by allow A. The carriage 53 is, 

^ 15 through a driving force transfer mechanism sucb. as a 
55 carriage motor, a belt transferring driving force of the 

'i^' motor and the like, capable of being moved reciprocally 

in the main scanning direction. On the carriage 53, one 
of the printing heads shown in Figs. 1 to 3 and ink tanks 
20 for respective ink colors are mounted. The printing 

apparatus and the ink tanks 54 may be a form of an ink jet 
cartridge in which the printing head and the ink tanks are 
integrally formed. A sheet P as a printing mediiim is 
inserted to an insert opening 55 provided at a front end 
25 of tbe apparatus and then after a feeding direction of the 
sheet is reversed the sheet is transported by a feeding 
roller 56 in a sub-scanning direction shown by allow B. 
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The prxntlng apparatus 50 repeats a printing operation 
which dtiring moving the printing head in the main scanning 
direction causes the printing head to eject ink to the sheet 
P on a platen 57, and a transporting operation which 
transports the sheet at a distance corresponding to a 
printing width by the printing head in the suh- scanning 
direction, alternately, to complete the image on the sheet 
successively . 

At a left end portion, in Fig, 11, of moving area of 
the carriage 53, a ejection recovery unit 58 capable of 
opposed to an ejection opening forming surface of the 
printing head is provided. The ejection recovery unit 58 
is provided with a cap capable of covering the ejection 
openings of the printing head, a suction pump for 
introducing negative pressure in the cap and the like . The 
unit causes the ink to be discharged from the ejection 
openings by introducing the negative pressure in the cap 
covering the ejection openings to perform a recovery 
operation for maintain an appropriate ejection state of 
the printing head. Further, the printing head is also 
subjected to another ejection recovery operation which 
causes the ejection openings to eject ink, which is not 
related to printing, to perform a recovery operation for 
maintain an appropriate ejection state of the printing 
head. 

In the above embodiment, the head from which ink is 
ejected has been described by way of example, but of course 
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-the applica-tion of the px-esent inven1:±ort is not limit:e<i 
to tills example. The present inventioa is applicable to 
any head, comparising print elements that can vary the size 
of dots to be formed. 
<Other Embodiments > 

As described above, the present invention is 
applicable either to a system comprising plural pieces of 
device (such as a host computer, interface device , a reader, 
and a printer, for example) or to an apparatus comprising 
one piece of device (for example, a copy machine or 
facsimile terminal device) . 

Additionally, an embodiment is also included in the 
category of the present invention, wherein progreun codes 
of software such as those shown in Figs. 13 and 15, for 
example, which realize the above described embodiments, 
are supplied to a computer in an apparatus or a system 
connected to various devices to operate these devices so 
as to implement the functions of the above described 
embodiments, so that the various devices are operated in 
accordance with the programs stored in the computer (CPU 
or MPU) of the system or apparatus. 

In this case, the program codes of the software, for 
example shown in Fig . 7 , themselves implement the functions 
of the above described embodiments, so that the program 
codes themselves and means for supplying them to the 
computer, for example, a storage mediiam storing such 
program codes constitute the present invention. 
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Tb.e storage medium storing such program codes may be, 
for- example, a floppy disk, a hard disk, an optical disk, 
a magiieto -optical disk, a CD-ROM, a magnetic tape, a 
non- volatile memoary cajcd, oar a ROM. 

In addition, if the fiinctions of the above described 
embodiments are implemented not only by the computer by 
eacecuting the supplied program codes but also through 
cooperation between the program codes and an OS (Operating 
System) running in the computer, another application 
software, or the like, then these program codes are of 
course embraced in the embodiments of the present 
invention . 

Furthermore, a case is of course embraced in the 
present invention, where after the supplied program codes 
have been stored in a memory provided in an expanded board 
in the computer or an expanded unit connected to the 
computer, a CPU or the like provided in the expanded board 
or expanded unit executes part or all of the actual process 
based on instructions in the program codes, thereby 
implementing the functions of the above described 
embodijnents . 

According to the embodiments of the present invention, 
printing data corresponding to a plurality of printing 
elements of a printing head, which form different size of 
dots , is produced under a predeteimined condition such that 
an overall change in gradation realized with dots formed 
by these printing elements is made linear, and therefor. 
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when the produced, pirinting data ±s converted, into dot data 
for forming the different size of dots to be arranged in 
one pixel, the conversion process can be done for each of 
the plxirality of the different size of dots, without 
5 considering the predetermined condition. Consequently, 
the conversion process can be arbitrarily set for each size 
of dot under the predetermined condition. 

Further, larger dots can be arranged at densities 
equal to or lower than an intermediate value in the range 
10 of density values that is expressed by dot formation, 
thereby enabling larger and smaller dots to be mixed at 
these densities. 

As a result, for example, even if landed position of 
the smaller amount of ink droplets is deviated on the sheet 
15 or are otherwise affected, the disturbance of the image 
can be restrained. Further, the image is affected if the 
dot arrangement is unnaturally switched (unnatural 
junction) in using the index pattern of the prior art, but 
the present invention allows the arrangement to be easily 
20 changed simply by changing the output table or the like, 
thereby improving the degree of freedom of the design. 

The present invention has been described in detail 
with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
25 that changes and modifications may be made without 

departing from the invention in its broader aspect , and 
it is the intention, therefore, in the apparent claims to 
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covejT a.11 such. ciiaLnges and, modifications as fall witlilJi 
tlie true spirit of the invention. 



- 23 - 



